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AIWRACT

MmsurcInmts  of l,lJC mi,atic)llal s~]mtra  of  170 16 01 6 0” altd 1W170’G()  llaw I)CCII  Cxtcf)[](!d

h allow (lc!tc:ll~~il]atiol)  of fi mIIIl)lctc  set of smtic mltrifuga] distortion] cOllstalIts  for l)otlI

II IO] CCUIC!S.  A Iw.ar dc!gcncI’ac.y  of t]]c 312 aIId 4(14 ]cvc]s of 170’ W’60° Causes Stlmlg  ])cJ’tut’-

l.)zItic)l]s[  )ftl]cl  lyl)elfillc])  att{:Ills,g;i  vcsrisctc)  ])clt(lrl~:itioli  allmwxlAtl  = 2trallsiticms,al)d

l)rovidm  foI aII accura.tc  dctmJnillatioll  o f  ~o~. ‘J’llis  lIas allow’cd tlIC d(:tcrlnination  oftl~c

allglc  l)ctwcwlI  ]]rillci])al axis  of  thr quadru])olc  l,c]Isor al)d tlIc ()- () lJol  Jd. ‘I’l Ic ’70 spill -

rotatiol)  illtmactiollsof  ‘70~]G()  IIavelxml  Incasutcd  for Col]l])arisoll  wit}] t}Ic cc)JJ{:s])c)l]clillg

valum  ill 03  al]d im])mvml  valum of tllc  quadru]w]c  couj)]ing  IIaw l)CCII ol~tailmd.  l)ara-

’70 havc I.KWII calculakd  frol]l tl}c s])i J1-rc]tatiolllnaglletic  sllicldi~lg and c]mnic.al  shifts for

COll StalltS fOJ” bOt]l COJIIJKNIld  S.



A  ])rclilnil]ary  accouIIt  of w o r k  iII tlIis lal)oratory  WI tlic 170 Ozol)cs  ( 1 )  I’q)ort(![l  tllc

rotational alId [Illarticcc:lltrifllgal  distortion} col~stm)ts as WC:]] as tlIc  diagonal Clmllcl]tsof  tllc

l]llclcarc]llacll’~l])c)lc  and spill-rotation Cou])lil}g tcvisors. IIcmusc  of Ozm)c’s  ])rol[lillcllcc  ill tllc

l~;artl}’s atmosl)llmic  spoctmm tllc mrlicr  lncasurel]lelits  l~avc  lmm extmdcxl  to collsidcral~ly

l]igllm  .1 a.IId K. trwlsitiol)s. ‘1’lic])alalllctcrs  dCriVCd  froln  fitting tl)e.se I)CW II)cmsurmIImIts

])mvidc all aclcc]llatc  l)asisfor ])rCclictillg  tl)Ccolltlil)Lltiol)  c)ft])CsCs])CciCs to tlicat]nos})]lcric

millimdm  and sul~lllillimctm  s}mc.tru]n. Sillc.c  tlIc IIIc:aslI  ]’eIII(:IIts  dcxcribml  in t h i s  I)alm’

wmc COln])lctcxl,  llinslancl, c:t al., ( 2 )  IIavc Iqjortcxl illll}rovcd rotatiol)a]  cmlsta~lts  for tllc

’ 7 0  cw,onm bad OII a co]nl>ind  fit of tlIc data ill l{cf. (1 )  a]ld tllcir ]Ilc:as~]]c]]]{:]lts  of tlIc

IIigl)  rcsolutim) spcctr aof tllcv2  banc]sof lmt]l Inolc:cukw.

l’cltllll)atic)lls  in tlw l]ylmfinc!  ])attm]s of 1 70 16 01 60  w’l)icll W’CIW n o t  rqmrtml ill tl)c

])l’C!ViollS]  )a})Cl” ]laVC~)C{!ll  alla] ~ZCd. ‘] ’]lCSC]laVCl)CCII  S]1OWII to b(!dUC!  tO ~ab llli~ill~of  t]~~

IImrly dqq:llmalm  31 z aIId 404 states. As a result, tl]c orim]tatioll  of tlie  I)rillc.i})al  axm of tl)c

IIuc.]car  quadru])o]c  cou])]ing  tellsol  IIas LCCII ])rc~c,ise.]y {]et~rlllillec].  A IIUIIll)Cr  of tlallsitjol]s

ill 1 70 S1 60  war III CMSUMXI  at higllcr Iwsolut, ioJl tllall in e a r l i e r  w o r k  (3,4 ) aIId a IIUIIII)CV

o f  a d d i t i o n a l  transitions  wmw obsmvm]  il} ordm to dctmnil]c  and co In]mrc tile  170  spill-

rotatioll  i n t e r a c t i o n s  with tllosc of ‘70 16 0] 60. ‘~’l ICSC ]Iavc a])])roxilnat,[:ly  Ll]c salllc rc!lativc

sixc coln])arc!d to tllosc of 03 a.s do tl)c  lnolcc.ular  $ va]ucs.  (5-7) ‘J’IIc s~)il)-rotatiol]  Collst,allts

arc usm] to c.alculatc  tl]c ]mramagletic  sllicldillg  alId climnic. al sl)ifts  fol. ’7 0 .

~4:X1’1:l{lhlI:N’1  ’AI,

‘J’IIc:  m]mrimmta] dctailsl  il~cludiug  tllc  Stark  modulatml  slmctronlc:ter,  7$%0 170 cllricllml

salnplc,  md salnp]c IIalldlil)g  W’mw tilt!  SaIIIC as tlIosc dcscribcd  ill l{cf, (1 ) c:xcx:pt  fo r  l I lm-
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SUI’CIllCllt  S al.JOVC 300 GIlz for w]licll Lollc Lurst ]notlulatiol~  (8) was USC(1. ~lllall  qllantitim  of

‘70$160” wcm! made by allowil)g  portimls  of tile c.111 icl~cxl  ozm)c  saln]llc  to rmct wit]l solid su]-

fur. ‘1’IIC sulfur dioxiclc  required Icfrc.sl)ing;  cwcry 10-15 ]I)il)utcs  hxxmsc  of oxygclI cxc.lIaIIgc

wit]] adsorbed water iI) tllc wavcguidc..

111 tl]c  rc]mrtcd ]l]casL]]e]]lcI)ts,  tlI12 quold  ullccrtaitlticx  am Cstilnalms bmcxl OH possiljlc

c.c)I]tl’il.)lltic)Jis  to tllc mror. ‘1’lIC  ullmrtail]tics  rdlcc.t IIot only  a lalgc range of lillc strmlgt]ls

l)ut  /11s0  tl)C Varyi]lg  dcf;rcc  of  diff icul ty ill [lCtc:rlllillillg  ]il]c! ])ositiOIJs  il~ coIII]j]c:x  ]IypcrfilIC

II)ulti])lcis.

MI;CIIAIWICAI, CONSrJANTS

Altl)oug;lI  tl)c IIUInlmI of indqmldcl)t  IIlcasurmllclits  tl]at dctmlninc  tllc:  lnccl]allic,al COII-

stallts  is rc]ativc]y  slnal], it was  found  to LC suflic,imlt  to dcimninc  r o t a t i o n a l  and u]) t o

scxt,ic  c.cq~trifuga]  distortioli  Col]stal)ts  for l)otlt OZ,OI)C S])ccim. ‘1’IIc  data arc also suffic.icuit

for tl~c JJrcxliction of tllc  InoIIo- ’ 70 ozoI]c atl]los])llmic  lnillilnctm  s])cc.tra to tllc  a c c u r a c y

rquilml by cummi,  observational il)strulncllts  (9). ‘~’llc fittcxl data arc listed ill ‘1’ablm 1 and

2 alol]g wit]] obscnwcd jnil)us  calculatcxl  frcqumlcics  Imscxl  OII t]lc  dc!rivcd  ])aralllctcm ill ‘J’able

3.  ‘1’1)(:  paralnctms  mfcr to t))c stal)dard Watsol]  A reduction  IIalniltol]ian  and 11 Ic!])rmmlta-

tion  (10) wil,}l tl)c quadrupc~l~  and s])ill-rotatioIl  tcllns  fitted silnultallcous]y  (1 1), ‘1’ILc 170

]Jaralnc:tms  arc ])mfcct]y C,ollsistmlt  wit]] t,]losc  of t]]c l~ol~ol~(),”  180160]60,  and n o r m a l

oz,ol]c for  wllicll  IIlorC data arc! availab]c  aJ]d also wit]] l)igl]  rmolutioII  in f ra red  re su l t s  o f

liillslal)d,  d al, (2,1 2-14) Calcu la ted  s])cc.tra bad OII tllcsc data arc availal)lc  ill com])utw

acccssiljlc  forln (1 5). ‘1’lIosc calc,ulatio]]s  colltaill  assl]ln])tio]ls  al)ol]t  ]Iig]]cr  OIC]Cr ]);lla]]lctcrs

]Iot dctc:rlllil)al)lc  by tllc  data prcxcnltcd  IIcrc and alc col]tillually  reviscxl  as addi t ional  data

a(lm. tillg tllc IIigllm  order l~araJn&m bCCOIIIC avai]al)]c.  (bJlsc!qucllt]y,  tllc  })aralncte.rs  l)rc-

scl)tcd  ]Icrc wi]] JIot cxac,tly  rq~loc]u~,c  tllc cata]ogcd fqllcllcics  fol tlallsitic)lls  wllicl] rqllirc
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fit to ascmtaill  its cflcct oll ot,l)cr ljaJaII-lCtCrS  wlIiclI  wliic.])  it is sligllt,ly  c.orrclatcd  alId to giv~

a III()]C realistic cvaluatioJl  of tl]cir ullccrtailltim.

‘1’l)c gmuIId  clcctrol)ic  stai,c  o f  OZO]IC

to IIlixil]g wit]) l o w  lying cxcitc!d stal,cs.

sllicldillg  a~)l)arcvltly IIad bccm difllcu]t lx:

SIIOWS cxj]]sidcral)lc ljaralnagllctic  cllaractc.r  CIUC

‘1’llc IJaral])agllctic  cmntril)utiol)  to tllc  n u c l e a r

dctmll~illc  f r o m  ah i7/ifio calcul:itiolls.  Scllindlcr

alId l{utzcl Jligg  (1 8) using tllc S(;l’’-l(;  1,0 IIlctl Iod ol)tai]lcd  poor a.grccmmlt  with tlm  clmllic.al

sl}ifts  lncasumd by Solomon  ct. a l .  (1  9) aIid SI1OWCC1 that tllcir calcmlaticnl was  rcmarkab]y

scllsitivc  to tllc assumed geometry. ‘J’lIc  talc.ulatio]l did SI)OW, llc)wcwcr  tlla.t tllc slliclc]illg  was

})ara,jnagnctic  aIId IIigl]ly  anisotropic.  MOJC rcccIItl  y ]<utzclnigg,  CL al., (2(1) rc.ported results

usil}g a IIllllticollfigllratiollal  gmcralizatiwl of 1(;1,0 wllicll g i v e s  muc}l  b e t t e r  agrcmncnl,

w]]ic.]1 t])c cxlw.rilncvltal  resul ts  of l{cf.  (1{)),

Followillg;  l~lygarc  (21 ) and Plygarc  and Gooodislnall  (22) al]d coml)inillg  tllc  fulldamcmtal

constants  ill Llmir  cquhtio]ls  , tl~c diagonal com]mlm]ts  of tlic lmralnagllctic  sl)icldi]lg  lmlsor

arc givc]l by

wllcrc u is i]) parts pm nlil]ion, tllc Z ~ arc tllc atolnic lIu I1)l~crs  of otl}cr l]uclci,  aIId tl]c dis-

tallcx:s  al)d c.oodillatm  am ]IIcasud  from tllc atonl ill question and givcl) ill Allgst]”oms.  ‘1’11(!

ot,]lcr  CO II IpOIICIItS arc ol.)taillcxl  l)y cyclic  l)crlllutatiol~  a, b, a~ld c. ‘J’l}c  average diamagnetic

Contril)utiol)  is

o:,,, = o~(frcc atmn) -i 9.39 ~ -~~,
n ‘cl

wlIcrc  u~(frcc atom) is takcll to bc 395.1 l)l)In for 170 ( 2 3 ) ,  ‘J’lic  diamag;ndic  sllicldillgs

calculatml  in tl]is  way am cssm)tially  tllc salnc as tl]osc  c a l c u l a t e d  by liay al]d l’arr ( 2 4 )

for Lot]]  Oxygclls. liotllml)crg  and f$cllacfcr (25) llavc  talc.ulatcd tl}c  il~dividual  COIIIpOIICIItS

o f  t)Ic! dialnagylctic  sl]icldil]g  knsors  for OZOI)C. ‘J’llosc  Va]ucs lllay  l)c used to cstilnai,e tl]c
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i nd iv idua l  comlml]mts  of t,}Ic total s]licldil)g;  tm)sors. ‘1’llcir  avcnqy  dia]nagndic  slliddi]]gs

am also quiic  cJoscto  t,lmx c.alculatcd  }ICYC. ‘1’IIc avmagc sl]icldillg  CXCII lw ddmlli]lcd  wil,lIout

a~)~ k]low]dg~  of t]IC III O] CCU]aI  s t rut . tum hy cx)]l)l)il)i])g  t]Ic above cquatio]ls  to give

u ~v= :: C#(flm!  atom) + 4.040” x loq!’+ -1 ;. -i $:).
,

A s  a poil]t c)f rc:fcvmlcm, LIJC almve cx]uatiol)  givm  C7dt,, for ‘70ili watm as 357 ])])111  with

s~)il}-rotatioll constants  takcll fm]n IIdlningcx  aIId l)c],ucia (26).  ‘1’llis is cwmltially  idc~ltical

wit}] all Cqui]ibriuln  va]uc  dmivcxl IJy a]~])lying tlic  vil)ratiolla]  Cc)rrmtio)l  of l“owlc:r  and liayl]m

(27) to tlIC lnmsurcxd  gas ]Jl}ase  value of 344 p]~m (28).

‘J’AIC 5 ,givm thc d i a g o n a l  paralnaglctic  slliddillg  tmisor  dmm)ts,  total slliddi]]g  and

dlmnical  shift f r o m  lic]uicl  watm. ‘J’ltc: al)solut,c slliddillg  o f 17~) ill ]iqlljcl wai,cr i s  take

a s  3 0 7 . 8  p])ln (28).  ‘1’IIC quotcc] ullcnrtai]ltim  iJ)cluclc!  oIIly I,llc 1 u ullcx!rtainty  of tllc  s~)ill

rotaticni  cmlstallts. Col mlaticms  among tile illdividua]  unccrtail]tics am illcludcxl in tllc

talc.ulaticm of tllc avcvagc  sllicldillg  uncmtaint,y. ‘1’IIC s~JiJ)-rc)tatic)ll  mllst,allts Ir]czisurcx]  ill

this ~vork arc quilm consistmt  witl]  t,lIc c.llclnic.al  sh i f t s  c)f %lomoII  ct a l . ,  (19)  a]ld wit]] a

IIigllly ])aramagnciic+  a]]isotropic  sllicldillg  LCHISCW. ‘1’lIC  rcxxmt  Calcxdatiolls of l<utzcll]igg,  Ct

al., (20) give  abscdutc sllidclings  which  also agjrcw WC1l wit]] tllc ]Jrcse.llt results.

l’or 170S160”  tllc  dia,gm}al COIII]mIICHIt,S o f  tl)c s]]i]l-rotatio]l  tm]sor  lIavc Imcm ddmnincxl

for tllc first ti]nc:, ‘J’hcm  have also INCHI USCC1 to C.alculat,c  tl]e  ])aramagI]dic sl]iddi]lg  tensc)r

aIId total  sl]iddillg. ‘1’llc cxilculatd  dlm]]ical  shift  i s  agail) ill goc)d a,grcw]n[!]lt  w i t h  tl]c

Cxlmimcvlta]  value (29) as SCCII in ‘J’able 5, l{otlImI}wrg and Sdlaefm (30)  ancl Gicrke and

l“lygaIc  (31) IIave calcwlatmd tllc dialllag]lciic  sl]icldillg  t[!llsors  for fcm 170 ill sulfur  dic)xidc.

‘J’IIc total sllic]ding  calcu]atcd  by VaJI WtillcII  a[lc]  ]<utzellligg  (32) is ill good agrecnnc;llt wit]]

Imtl) tllc dirmt  mcsurmnellt  o f  tl)c  cllcmlical  shift  al}d tllc rcxult  derived I}cIC.

I t  is intmwstiug  to  compzm tllc ’70 spi]]-rotatio]l  intcradion  in S 02  w i t h  that  in the
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asylnlnctric.ally  subtitutcd 0 3, ]J13r a ])lalIar  IIIolc!CulC  tllc  qutilltity

~;- -1 ~f;  - ~:,
J

WIICIC tllC $’ii’S  all! COlllpOllCI)tS  Of t)l~! II”lOICClllat’ 9 tCllSO1’, is illdcq)c!nclmt  Of orig;il~  (32) al)d

111~~  k! compamd w i t h  a  silni]ar Cx])rmsioll fO~ tllC  (7ii)S. For oxonc,  l.mtlI  qualltiticx  am

almut 3.3 tinms as great as tllc corrm])o]]dil)g  va]ucs  for S02 (5-7). ‘1’llis  is cmnsistmlt  wit]l

tllc  fact that tllc lowm(  lying  cxcitcd  Clcctmllic. statm of soz are allnost  3 tilncx+ as l)ig;ll  a s

tllc lowmt statm of ozoIIc (33).

CONcI,IJSION

Mcasurcmfmt,s  of LIIC xotatiolIal  s]mctra of tlIc InoIIo- 1 70 sul.)stitutcx] ozolIm  aIId s u l f u r

dioxide l)avc  b]] CxtcIIdcxl,  yielding iInl)rovml  ltlcxllallical and lIy~w,IfiIIc ])aramctcls.  ‘J’IIc

(Jzo]Ic rcsulk illc,rcasc tl)c data base for tllc atmosl)llmic  s])ectIwIn. ‘J’IIc hy]dillC  ])til’;llllC-

tcrs ])rovidc  Useful IT.fmcmcm for coml~alisml  with  tllmrctic.al calculations of tlIC Clmtroljic

structure of t]]mc fundalnc!llta]  Ino]ccm]cs.

‘J’IIc rcscaJclI  dcmxibc!d in t h i s  ]~a])m was  pmforlncd  Ly t,llc Jet l)rol~ulsion  l,al)oratory,

Califfwnia  ]I)stitutc!of  ~’t!cl]]lology,  tlllclc~cc)l)tlact  with  tile  Natio~lal  Aeronautic,salld  ~l)ac.c

AclIl~i]listraticJl].
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Table 1. Fit teci ‘50~70 ’50 Rotation~ Transitions ‘ .

Transition” Freq./M?@’  AC T.>”c; +;n” V.oc 1*KU.- . . . . . . . . J._ . . - ~~~.1 -’. -z 3 Transition Freq./MEz A

.j!ls,qz – .51T,4~  26674.37.5(1.50) –74

46s,q0 – 4%-,39 32056.580(70) -24

182,15  – 191,1?

20-21,1 %2!),18-19  32202.730(100) -42
17–18 32203.370(100) -64
?’.–22 322?3.83C(IQ$) –85

36G,3Q – 375,33 33340  .6~@) -II

334,30 – 325,z7 35476.737(70) -27

122,~g  – 13~,~3
!3-:4 35634.868(40) 18
12-13,14-15 35635.0.5.5(40) -2
~~_~2 3663.5 ..57.5(20) IS
15–:6 3653.5.800(20) 2
~&~ ~ 36536.278(40) -22
7
-:,: —  29,2
2-1

2-2

4-5

2-3

4–4

3–2

3–3

3-4

~s?qi.sos(so)
38748.377(70)
3~~4&fjO~(2~)
3{874~.61Q(.jO)
38750.238(.50)
387.jo.43qloo)
3s751.6.51(30)
387.52.08.5(30)

4 05, 35 – 39G,34  65721.214(40) 32

a. F -L $ designates F ~<signments  of

resolvable features.
b. Surnbers  in [) are experimental

uncertainties in kHz.
c. Obs.-caIc.  /kHz. Intensity weighted

average for blends.

2 72, 25 – 263,23
25–24 670.50 .794(s0)  81
30–29,25-25 670.51.172(20) -23
2%2S,27-25,28-27 670.51  .689(s0)  -1

133,11 –  14Z,IZ
16–17,11–12 71393.7.50(20) –27
15–16,12–13 7i397.24S(,jo) .53
14–15,13–14 71397.400(100) 5

6 0 , 5 – 51,5
8-7,7–6,6–s 714?8 .349(30)  33
5–4 71478 .6.j7(.jO) ~
~_a,&B ?1479.080(30)  2 3

143,11  – 1.52,14  8.j428.374(.jO)  –.54

2 63 2 3  –  2;4,22 N991.220(.jO) - 2 7

12~,~~  – 112,10
13–12,12–1 1 !?0140.886(30)  10
14–13,11–10 90~41.~oq30)  _3(y
15–14,10–9 90141.6.51(30) –3o

48s,g – 477,4: !?0976.77S(70)  –2.5

21,1 – 2!J,~
4–5 921.51 .513(s0)  -12
3–2,2–1 !?2~.jl.9.57(hO) –36
5–5,4-3,3–3,4–4 92152.800(70) –91
3–A 92 I.53.637(1OO) I.j
5—4,2-3,1—2 921.54.31.5(70)  ()

41,3 – 40,4
6–7 978 Z5.726(.jfj)  3
4–3,5–!,3-2 !?7876.568(50) 50
4-4 ,5–5 ,6% ,6–5 9?87?.23.j(SO) 3 3
3-4 $??878.570(.50)  2 3
2-3,i’-fj ~~878.798(.50)  –46

6 1,5 – 6.,5

8–8,7–?,5-5 10?369.2?1[50) 39
Q_g ,5–5 107369.698(50)  -.5
~–g,4_5 107371.062(70)  1.5

24Z,ZZ – 2~~,z5
24-25 .25-2fj,2G27 113474 .?64(60) –Ill
23–2’? 113475.614(60) 30
2i’-28 1:3476.160(60) 24
22–23 113476 .80S(60) 50

I!,i – 00,0
4–3.2–3 1 1 4 1 2 5  ..522(30)  16
3–3 114128 .4.j2(30) 10

31v9 – 304,M 114.538.184(40) 68

6 2, 4 – 71,7
5–7, 7–8,8-9 , 9–1 O 1171.58.680(70) loo

265,21 – 274,z4 11?224.338(80) 20

Q ~~1,7 — Lo)s
10-10, g–~,8-8, 1212.53.826(50)  -10
7-7,11–11 1212.j4.306(.jO)  -77

22s,I~ – 22z,z0  358631.720(60)  6

201,19 – ~~z,~g 3714.50.694(69) -~~

261,z5  – 26.,2s 488137 .12S(60) -17

344,30  – 343,31  492001.240(80) O

Z04,15 – Z03,17  611043.960(100) 53



.
‘1’~~~l(! 2. ],’itt,~[l 17~]C[)]G() ]{,ot,tttic)]l~l  ‘ly:msitiolls

~ .— ——.
‘J}allsitiollQ

.—.— — — — - — — — - _
l(’rcq./Mllzb  Ac

—. -.——
‘J}wwitiml l’rcq./M II z ‘A ‘J1-a]lsitioIl lh2q./Mllz A

————__ .__.. _

2’32,y2  - 223]9
21-20 29355 .91 O(5O) 34
2G 25 29356.445(70) -6
2?- 21 2 9 3 5  G.75q100)  (1
2524,2423,2322 29357.305(30) -21

4 25,38- - 41

6,35 29812.902(50) -3

4 6 7 ,39- 47G,,12 30361 .165( 80) 2

2Q4,20  - 24~,21 31250.725(100) -30

~&,15-  19P,18
21-22,17-18 31287.275(50) -17
16-17 31287.767(70) -50
IR ]~,]~ 20,2021 31286.843(20) 4

3&,:jz - 34s,2g 31833.172(30) - ]

]42, ]2- 1,!j],15
15 16 31 866,220(50) -14
14 IL 31866.600(50) -36
16 17 31 866.900(50) -13
13 14 31867.910(50) -6
17-18 31868.890(50) -2
12 13 31869.870(50) -10

2 6 3 , 2 3 -  Z!J4,22
2G. 25 32586.623(50) 21

2f3:,,y3 - ~54,22

27-26,25 24,2827 32586.867(50) -12
29 28>24 23 32587.430(50) -8

37334- 382,w
36.37 33328 .750(1 LO) 36
40-41 33329.560(150) -22
35 3G 33330.780(150) -18

11], ]0- 102,9
12-11 35002.191(30) 4
11-10 35002.344(30) -7
13 12 35002.666(20) 2
10.9 35003 .olq20)  -5
14 13 35003.942(30) 8
98 35004  .062(30) 14

50,5 - 4],4
65 35705.303(30) 2
7- G 35705.593(20) 16
54 35705.721(30) -26
4-3 35706 .57](20) 12
87 35707.012(20) 9
3 2 35707.446(20) -1

202,18– 193,17
21-20,20 19 93172.382(40) 18
22-21,19 18 93172.799(40) -5
18 17,23 2? 93173.678(40) -24-——_—_ —

a. l). c. Scc  footnotes tc) ‘J’able 1.

1],0- 10,1
32

3 4

4 4

2-2

4 3

2-3

2], ] - 2~,2
45

3 2,4 3

4 4

3 4,5-5

5- 4,1-1,2-3

83G - 91,9
9-10

8 9,10 11

7-8

11-12

67

3],2 - 30,3
5-6

43

3 2

93975.1 12(30)
93975.789(30)
93976.221(30)
93976.762(50)
93977.524(30)
93978.738(30)

95434.664(30)
95435 .43 G(50)
95435.829(50)
95436.513(30)
95437.766(70)

96308.648(50)
96309.012(30)
9G309.993(50)
96310.382(50)
9G311 .312(100)

97 GM.52G(50)
97655.895(90)
97656.090(100)

4-4,4 5,5- 4,5-5 97656.543(30)
66 97656.999(50)
34 97657.460(100)
2-2 97657.740(100)
G- 5 97658.109(60)
2-3 97658.496(60)
1-1 97658.821(100)
1-2 97659.336(60)

40,4 -30,3
CC 97666 .33?(30)

41,3- 40,4
5 G,4 3,5-4,G-G 100674.986(80)
5 5, G- 5 ]00675.605(120)
3 2,44 100675.965(120)

7
36
17

-18
-1

-11

14
60
3

-6
-25

5

-9
-60
45

-26

18
31
14

4
20
-6
5

17
13
51
-8

-14

81
56
24

7-7 100676 .650~200j -219
2-2

2-3

5],4 - 50,5
7-7,G 6,5 5
8 8,4 4

72,5- 81,R

oo677.420(]20j  - 2
00678.000(150) 1

04541 .987(1OO) -87
04543.211(100) -62

7-8,9 10,8 9 112630.575(70) 15

7],G - 
70,7

8 8 115065.642(150) -88
7- 7,9 9 115066.032(30)  - 5 8
& G 115067.010(1,50) -14
10 10 ] 15067.343(30) -64
5-5 1 1 5 0 6 8 . 1 6 4 ( 3 0 )  9

1], ) - 00,0
4 3,2-3

3 3

~2,4 -  61,5

8 9,3 4

4 5

7- 8,5 G, G- 7

80,8 -- 7~,7
9 8,87 ,10-9

7-G

11-10

81,7 – 8.,8

9 9

10 10,8 8

7-7

11-11

G- 6

1]6992.148(30)
1 16094.939(30)

1]8008.014(30)
118009.200(50)
118009.989(100)

1 19558.037(30)
119558.630(100)
II WJ59.222(30)

121870.568(30)
121870.952(30)
121871.864(30)
121872.358(30)
121873.072(30)

74
51

-3
27

.49

-9
-66
-5

19
23
27
27
22

174,14- 183,15  202627.122(50) 20

51,5  - 40,4
3 2 204860.830(30) -7
8 7,4 3 204861 .680( 30) -20
5 4,7- 6 204862.630(30) -14
6 5,5 5 204863.391(30) -25

~],s - 31,2
32 204870.610(90) -83
7- G 204871 .896( 60) -28
4-3 204872.444(150) -60
54 204873.510(150) -120

151, ]4--150,]5
IG- 1G,15- 15,17-17 205498.794(60) -25
14”14 205499.910(30) -1
18-18 205500.873(30) 12
13 13 205501 .623( 30) 9

110,1]  - 101,10
11-10,13 12,12-1] 205601.709(30) -12
14 13,9 8 205602.726(30) 5

174,]3 - 183,}G 209090.150(60) -10

343,31- 342}W  368193.132(80) -4

152,14 -- ]51, ]5
IG IG,15 15,17-]7 368655.408(100) 15
18 18 368656.632(120) -43
1313 3686h7.436(100) 5 3

1 85,14- 194,15 369244.566(60) 12

]85,13 - 194,1G 369598.482(60) -15

271,2G - 270,27

2828,27.27,2929 488819.308(100) 6

]93,17 - ]92,~8 4 9 0 7 ]  4 , { ) 0 4 ( ] 0 0 )  1 0

102.9  – 91,8
13 12,8.7 491965.672(160) -52—. —.... ___.—— _ .—— _ ————.



‘1’tt])]c  3. Md(xulw  ]’tIrtII;l(:t(!rs/M~  Iz,
— ..— —

l’arafnckr 160170160” 1 7 0 1 6 0 1 ’ 6 0 17@sl G()

7 102351 .0412 (110)a 105490.9498(57) 5$L$$372]o~(260)

1{
c
AJ
AJK
AK
/iJ

&j<

@J

@JK

@KJ

@K

+J

f%JK

d)K

13351.08549(137)
11781.72001(143)

0.01352001(259)
–0.046972(63)
5.84916(83)
0.00214023(65)
0.094969(95)

0.1203 (192)x10-7
–0.19G(199)XI0-6
--0.463(32) X 10-4

0.000982(56)
0.464(90) X 10-8

- 0.384(272)x 10- G
O.736(I47)X1O-4

x.. --8.481(75)

~bb 7.524(49)

xc, 0358(81)

~ab

c,aa - 0.1716(133:
<:bb --0.0087(4 1)

c/cc –0.0023(37)

12951.27723(79)
11508.02902(73)

0.0128607(38)
- 0.056338(75)
6.22091 (83)
0.00194524(40)
0.092027(103)

0.547(234) x 10-8

–0.217(169) x10-6
-0.5255 (19 f3)x10-4
0.001116(32)
0.452 (58)x10-8

- 0.236(197)x 10-6
0.743 (125)x10-4

- 6.473(92)
10.911(53)
- 4.438(M)
13.695(236)
- 0.2572(86)
- 0.01788(232)
–0.00403(235)
0.0087(1 13)

10008.21211(89)
8555.13498(63)

0.0062292(114)
--0.112678(194)
2.51274(66)
0.00158936(137)
0.023996(58)

0.1643 (204)x10-7
o.397xlo-7b

--0.1950 (137) XI0-4
0.0003674(145)
0.714 (92)x10-*

-o.l14xlo-7b
0.167 x10-5b

- 1.105(69)
5.569(25)

--4.463(59)

--0.0484(34) “
- 0.00503(309)
-0.00152(274)

((h + cbo)/2 .,—.. .

a. Nu]nbcm  in ]mcnthefies  arc aJ,I)roxitl]atcly  10 utlcertaintics.
IJ. l’ixd  to value in I{efcrc]lce  IG.
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~a”bie  4. Newly  .Measured  ‘T032S160  Rotational Transitions

Transition” Freq./\fHzb A’ Trans i t i on Freq./MHz A Transition Freq./YfHz  A

11.o – 10,1 1~2,13  –  l’13,~2 101,9 – 10C,10
3–2,3+ 5132.5.484(20) 33 15-15,15-:4,17-IG,14-13  67628.068(60) 3 11-11,10-10,12-12 101069.310(60) 142
4-4 .jls%’.s~s(zo)  3 9  18–17,1~12 6762 S.770(30) –14 ~-g 101069.783(120) -92
A-3 51326 .5 S4(30)

J 11+1 –  o~,o 8–S.,13-13 101070.563(60) -W
2–2 ,jl.~Z6.sl<fi(!)

2-3 .51327 .148(20) 11 j~~ 6843.5.901(8) –.5 80,8 -71,7
58435.2.53(5) – 4  9-&f?-7,1&9 112675.726(30) -18

.32,3 — 61,5 3-3 6~ls7.~lz@) –2 7-6,11 -10,6-5 112576.306(90) 16
6-7 57102.660(.50) 24

59,5 – 5~<5
7–8,5+ 57102.839(50) –41 111,10  – 11~,1~

7—6 697~2.2j3(50) 4 12-12,11-11,13-13
41,3 – 4Q,A

113069.87.5(90)  189
6–S,8–7 6!2712.423(30)  - 1 4  10-I!I 113070.377(90) -15

5–4.5–5,5-6,6-7,63  .$-5 .5 S2.50.1.56(30)  –17 54 6!?712.!212(40)  1.5 14-14, P-g 113071 .137(!?0) -+8
4-3,44,4-5 .~~z.jo..~z~~~)  p ~+ 59713.087(15) S
3-2,3–3,7-7,3A.7-5 582.51.161(30) 8 4-3 69713.332(30) ~ 41,4  –  30,3

2–1 ,2-2 117654.103(120) -31
.31,4 — .39,5 Q-3,5  –  102,9 71201 .s27{s!)) 14 7-6.3-2,3-3 l17&A.5~qfyl)  29
<–:,54,5-7,7-7.54.3-5,54  52362 .85$?(; C) —S
4–3,4+ ,4-5 ,.&8 6 2 3 6 3  . S 0 1 ( 3 0 )  1 2  218  – ‘O?

4–3,3-3,5–5,G5,5  -.4,5–5 ~~~~~< AA?(6~). . .. ...> 5.5

3–3,3+ 6 2 3 6 4 . 3 4 0 ( 1 0 0 )  S  :;:::’g-~’~~-ll
9 0 . 5 6  !2.036(30) IT 32,2 – 21 , 1

99.570.240(100)  –73 5–5,5-5,3–2,2-2 2 0 . 5 2 8 2 . 7 3 1 ( 9 0 )  1
6 1 , 5  –  6P,5

57s38.217(50) - 2 4  ;:;79; ::
4–3,3–3,5–4,4-4

~_7
20 Z2S3.7Z18(90) 23

91 1 6 2 , 4 0 3 ( 3 0 )  .50 33.1 – 2z,05-5,8–8 67.53 S.497(10) -2 ‘ ‘ 30$534.069(90) 41

5–5 67539  .Iss(IO)  ~ 5 - 5 , 1 0 - 9 , 5 - 4
91162 .!?98(60)  1.5

33y13 – 22,: 308.55.5.799(90) 64
9_9 67539.4s0(10) 2
4–4 67.539 .S$?9(10) -4 125,7 — 135,s 312792 .!?71(90) 16

a. b. c. See  footnotes to Table 1. 12..–12?. 2 1 9 7 0 . 5  (-v Ma(l)  T



Taljlc 5. Calculated 170 l’al.[tll~z~gl)c:tic  Sliicldillg,  Al)scdutc Totnl
Sllic:ldillg,  nncl  IImivcd  Chmniml  Shifts Iklative  to IIz170  in ])])11).
——— —___ .

CI’ ((;,, /c) x 1 i’ :_ U;g-- ‘-  L! U]c;l,() b ccl ($Ob,
.—..  .

16~170160°

A -1 .677(130) 2080(160)
1{ -0.653(310) -919(370)
C - 0.194(320) -412(380)

average -1137(240) -658 . 62~a -932 - 1032b
17~16[)160

A -2.438(82) -2979(100)
1{ - 1.381(180) 1789(220)
c - 0.350(200) - 564(250)

average - 1 7 7 7 ( 1 7 0 )  - 1 1 5 2  -1289”  -1597 -1598b
17032  ~lG()

A - 0.8082(570) - 1020(70)
1{ - 0.5036(3100) 772(370)
c -0.1777(3200) -419(390)

average 737(240) -206 -234’ -514 - 513d
. .—— .—— —.. :: .. ——— —— —-. ---

a. l{cfclcllce  20. h .  Ikfclclicc  19. C. ]tcfcrc]lcc  32. d. Ikfc:cllce  29.


